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Abstract This  work  is  proposing  the  use  of  the  geometry  based on  rectangular  triangles,  the
varato,  in the study of the planning of Roman Torino, that is, of Augusta Taurinoruma It is known
that  the  planning  of  Roman  towns  was  based  on  the  centuriaton,  a  grid  of  parallel  and
perpendicular streets, where the two main axes were the Decumanus and the Cardoa By means of
the varato, the angle the Decumanus was forming with the east-west directon was given by the
rato of the cathet of a rectangular trianglea In the case of Torino, the town planning seems based
on the rato of cathet 1:2, which is giving an azimuth of the decumanus (Via Garibaldi)  of 116,565°
from true northa This value is in good agreement with the measurement of the directon of this
streeta  
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The planning of the Roman colonies was mainly realized, by the ancient land surveyors, by means
of a method which is known as limitatio or ceoturiatioa  This planning is characterized by a layout
in the form of a square or rectangular grids, created by parallel and perpendicular roads or canals,
which were subdividing the setlement into iosulaea These parcels of land were the house-blocks in
the towns or the agricultural plots in the countrysidea In some cases these plots were allocated to
Roman army veterans [1]a The main axes of the grids were the decumaous maximus and the cardi
maximusa The parallel roads to them were the decumaoi and the cardioesa Of course, the choice of
the place of a town or colony was mainly dictated by the local environment and the presence of
rivers and roadsa
To  subdivide  and  label  the  plots  of  the  land,  the  surveyor  (grimatcus)  identied  a  central
viewpoint, known as the umbilicus agri or  umbilicus silia Taking positon there and assuming the
same  orientaton  of  the  decumanus,  the  gromatcus  deined  the  territory  with  the  following
names: ultra, the land he saw in front of  him;  citra,  the land behind him; dextera,  the  land to his
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right;  sioistra,  the land to his  lef [2,3]a   According to the Latn writer  Frontnus [3],  who was
referring Varro, the Romans inherited this manner of subdividing the land from Etruscansa 
We read in [3] that the decumaous runs from irieos to  iccasus,  that is from the sunrise to the
sunseta Of course, this is a natural manner to identfy the plots of the land by a simple orientaton
from east to west and from north to south, in order to have a conventonal method to label thema
Actually,  this happens because the centuriaton was a process at the end of which the land was
parcelled out and assigned (“divisus et adsignatus”)  [4]a
Afer  Frontnus’  words,  some scholars,  such as  Walter  Barthel  for  instance [2],  argued for  an
orientaton  of  the  decumanus  towards  the  point  of  the  horizon  where  the  sun  was  rising,
secuodum cielum. Other scholars maintained that the orientaton was just dictated by the local
environment or by the main roads of the area, as stressed by Le Gall and Castagnoli [5,6]a  In any
case,  to  have  the  regular  grids  of  the  limitaton  matching  the  local  environments,  secuodum
oaturam, the Roman surveyors, the Gromatci, had to rotate the gridsa Actually, these surveyors
possessed some methods to adapt the grid to the land, methods that we can include under the
term of varati.  The literature of the Gromatci shows that the varato was based of the geometry
of triangles [7,8]a
Several artcles are discussing the link between geometry and Roman land surveyinga In [9], we
ind a detailed discussion of the centuriaton, applied in partcular to the analysis of the Roman
Tunisiaa In [10], we ind explained - with several illustratons - the methods used by the Romans
and the Euclidean geometry involved in thema Let us stress that in [10] the author, Roth-Congès,
uses the verb varare, from which varati is cominga This verb can be translated in the acton of
measuring by means of triangulaton [11]a In [12], it is told that the term  varati,  also writen
uarati, refers in general to the process of oblique surveyinga It has two approaches: the varati
flumiois,  by  means of  which the distance of  an inaccessible  point  could be calculated  by  the
constructon of right angled triangles, and the varati io agris divisis,  that the surveyors could
made by means of lines “along the hypotenuse of right angled triangles deined in a rectangular
coordinate system” [12]a This second varati is the one which is statstcally analyzed in [12]a As
stressed  by  John  Peterson,  when  introducing  his  analysis,  the  variety  of  observed  oblique
relatonships, that is (1:1, 1:2, 2:3, 3:4 )) , is limiteda 
Besides the study of varati concerning the Hadrian’s Wall and the Weterau Limes [12],  we can
ind the varati considered for the orientaton of the Roman towns in Spain [13,14]a In [15,16], we
have analyzed some Roman towns in Italy, Como, Verona, Pavia, and othersa In [16], Torino was
shortly discusseda  Here we consider this town speciicallya
In the discussion here proposed, let us assume that the  iosulae of the centuriaton are squaresa
Then the town planning is essentally a chess board of insulaea The towns of Como and Verona, as
shown  in  [15],  are  examples  of  a  chessboard  rotated  to  form,  with  the  east-west  axis,  a
rectangular triangle with sides 3,4 and 5 (the fundamental Pythagorean triple) a In the Figure 1,  the
rotated chessboard is showna
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In the Figure 1 we can see the rectangular triangles (Pythagorean triple 3,4,5)  which could have
been used in the varati of Como and Verona [15]a The hypotenuses are coincident to the east-
west directona The cathet have to correspond to 3 and 4 iosulae respectvelya  The two cathet
give the directons of the decumaous and the cardi (in this case 4 and 3) a The angle between the
decumanus and  the  hypotenuse is  α=arctan(3/4)=36.87° a  Then,  the azimuth from true
north of the decumaous is 53,13°a 
Let  us  now  analyse  the  case  of  the  Roman  Torino,  that  is,  Augusta  Taurinorum. About  the
foundaton and the orientaton of Torino, we discussed in [17-19]a  Torino was probably founded in
28/27 aaCa as the  cilioia Julia Augusta Taurioiruma   The Roman town was placed close to the
confluence of Dora and Po rivers, at the foot of the hills (see Figure 2) a
In 69 AD, the colony sufered a great ire as reported by Tacitus [20]a It was probably afer this ire
that the colony was subjected to some restructuring worksa The colony received a sewage system
and an aqueduct, and some streets were paveda The network of the Roman sewage system was
running under the decumani and cardi  of the town [21]a  Under Via Garibaldi,  the decumanus
maximus  of  the  Roman  colony,  it  was  running  the  greatest  sewera  Actually,  we  can  easily
appreciate that Via Garibaldi slightly slopes down from  Piazza Statuto to Piazza Castello, that is,
approximately from the west gate to the east gate of the Roman towna It means that, in the irst
century AD, the decumanus of Augusta Taurinorum was rebuilt above the greatest sewer, which
was gently sloping down to help the drainage of watersa
The Roman town, its perimeter and the positon of the gates are given in the Figure 3a
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Figure 2:  Thanks to Acme Mapper, htps://mapperaacmeacom, we can appreciate the positon of
Augusta Taurinorum, the red square, and the terrain surrounding ita   
Figure 3: This is the Roman Torino from Acme Mappera The places of the four gates are marked
(two of them are stll existng) a The Decumanus Maximus, the modern Via Garibaldi,  is the inclined
east-west linea Note the blocks coincident with the roman insulaea The “umbilicus”, the centre of
the town, is at the crossing of the decumanus and the cardoa  The perimeter of the Roman town is
ruiing from Porta Palatna to Via della Consolataa  Then the perimeter turns south on Via della
Consolata and Corso Siccardia On this side, there was the gate Porta Segusina, of which nothing
remainsa At the corner of Via Cernaia, the perimeter turns toward Porta Marmorea, completely
dismantlesa Today,  on this path there are Via Cernaia, Santa Teresa, Maria Vitoria,  Piazza San
Carloa  At  the  corner  of  the  Academy  of  Sciences,  where  we  ind  the  Egyptan  Museum,  the
perimeter is running due north, crossing Piazza Castello, where there is the Porta Decumanaa Then
the perimeter crosses the area of the Royal Palace, returning to the Porte Palatnea 
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Now,  according  to  the  varato,  what  was  the  geometry  of  Torino,  or  beter,  of  Augusta
Taurinorum? More precisely, of the town as it was afer the ire of 69 ADa
The geometry of Torino was probably based on the rectangular triangles 1:2a This geometry had
been suggested by Gaetano Barbella in 2008 [22]a  Triangles are shown in the Figure 4a In the
image,  the Decumaous and the Cardi are also shown such as the positon of the four gatesa  
Figure 4a By means of Acme Mapper and  © OpenStreetMap contributors, we can see the layout of
Torinoa  OpenStreetMap (CC BY-SA) a In the image, the Decumaous and the Cardi are also givena
The angle between the decumanus and  the  hypotenuse is  α=arctan(1/2)=26,565 ° a  The
azimuth from true north of the decumaous is 116,565°a  In [23], we ind a value of the measured
azimuth of Via Garibaldi of 116,379° +/– 0,002a The diference 0,186°, that is 11' of degree, is a
very small diference indeeda So it seems that the geometry proposed by Gaetano Barbella could
have been the varato used for Torino, to have the best agreement between the planning of the
colony and the local environmenta 
To conclude, let me quote an important sentencea As told in [24], the author of [25], Alan Kaiser, is
telling that the “Roman Empire used standardized street grids to efciently lay out new towns and
colonies during rapid imperial  expansion”a  Then, also Torino had its planning determined by a
standardized urban layout, based on the rato 1:2a
Zenodo. 16 October 2019 – DOI 10.5281/zenodo.3493368
5
Zenodo. 16 October  2019 – DOI  10.5281/zenodo.3493368
References
[1] Haverield, Fa (1913) a Ancient town - planning, Oxford, The Clarendon Press, 1913, available
athtp://wwwagutenbergaorg/iles/14189/14189-h/14189-hahtm 
[2]  Barthel,  Wa  (1911) a  Römische Limitaton in  der  Provinz  Africa,  1911,  CXX,  ppa  39-126a  Carl
Georgi Verlag, Bonna
[3]  In  the  Corpus  Agrimensorum  Romanorum,  which  is  the  Roman  book  on  land  surveying
collectng works by Siculus Flaccus, Frontnus, Aggenus Urbicus, Hyginus Gromatcus and other
writers,  we  ind  the  following  (ex  libro  Frontni  secundo) :  Limitum  prima  origo,  sicut  Varro
descripsit, a disciplina Etrusca; quod aruspices orbem terrarum in duas  partes diuiserunt, dextram
appellauerunt  quae  septentrioni  subiaceret,  sinistram  quae  ad  meridianum  terrae  esset,  ab
oriente ad occasum, quod eo sol et luna spectaret, sicut quidam architect delubra in occidentem
recte spectare scripserunta Aruspices altera linea ad septentrionem a meridiano diuiserunt terram,
et a media ultra antca, citra postca nominauerunta
[4] Cuomo, Sa (2000) a Divide and rule: Frontnus and Roman land-surveyinga Studies in History and
Philosophy of Science Part A, 31(2) , 189-202a
[5] Castagnoli, Fa (1958) a Le ricerche sui rest della centuriazionea Storia e Leteraturaa Roma 1958a
[6] Le Gall, Ja (1975) a Les romains et l'orientaton solairea MEFRA 87-1975-1, pa 287-320a
[7] Libertni, Ga (2018) a Gromatci Veteres - Gli  Antchi Agrimensori - Traduzione in italiano con
comment,  igure,  schemi  e  illustrazioni  a  cura  di  Giacinto  Libertni  e  con  presentazione  di
Gianluca   Soricellia   Isttuto Di   Studi   Atellani,   Fratamaggiore,   Naples   &   Copernican Editons
[8] Ba Campbell, The Writngs of the Roman Land Surveyorsa Introducton, Text, Translaton and
Commentary  (Journal  of  Roman Studies  Monograph 9) a  London:  Society  for  the Promoton of
Roman Studies, 2000a 
[9]  Decramer, LaRa, Elhaj, Ra, Hilton, Ra, & Plas, Aa (2002) a Approche géométrique des centuriatons
romainesa Les nouvelles bornes du Bled Seguia Histoire & mesure, 17(XVII-1/2) :109-162a
[10] Roth Congés, Aa (1996) a Modalités pratques d'implantaton des cadastres romains : quelques
aspects (Quintarios Clauderea Perpenderea CultellareaVarare : la constructon des cadastres sur une
diagonale et ses traces dans le Corpus agrimensoruma Mélanges de l'école française de Rome
Année  1996   108-1   ppa  299-422  Available  at  htps://wwwaperseeafr/doc/mefr_0223-
5102_1996_num_108_1_1937
[11]  For  "varo",  see  the  link  htps://wwwadizionario-latnoacom/dizionario-latno-italianoaphp?
lemma=VARO200 ; vara, htps://wwwamerriam-websteracom/dictonary/vara a "varo" is related to
"vara",  a sort of pertcaa This noun indicates in general "any of various branched structures or
implements"a  It  is  a  term  derived  from  feminine  of  vārus,  "bent  outwards  with  converging
extremites, bow-legged," of uncertain origina  
[12] Peterson, Ja Wa (2001) a Design and Performance of the Varatoscopea BAR Internatonal Series,
931, 269-272a
Zenodo. 16 October 2019 – DOI 10.5281/zenodo.3493368
6
Zenodo. 16 October  2019 – DOI  10.5281/zenodo.3493368
[13] Orila, Ma, Chávez, Ma Ea,  & Sánchez, Ea Ha (2014) a Las estructuras ortogonales de nueva planta
en época romanaa  De la varato y  sus variacionesa  Granada,  ISBN:  978-84-338-56-9a  Publisher:
Universidad de Granada; Servicio de Publicaciones de la Universidad de la Laguna y la Universidad
de Valladolida
[14] Rodríguez-Antón, Aa, Pons, Ma Oa, González-García, Aa Ca, & Aviles, Ja Ba (2019) a The Uarato
and  Its  Possible  Use  in  Roman  Urban  Planning  to  Obtain  Astronomical  Orientatonsa  In
Archaeoastronomy in the Roman World (ppa 103-120) a Springer, Chama
[15] Sparavigna, Aa Ca, & Marazzato, Ra (2019) a The Geometry in the Urban Layout of the Roman
Como  and  Verona:  The  Same  Soluton  to  Diferent  Problemsa   SSRN  Electronic  Journala  DOI
10a2139/ssrna3426608a  Available at SSRN: htps://ssrnacom/abstract=3426608 
[16] Amelia Carolina Sparavignaa The Roman Towns and the geometry - Examples of Varatoa 2019a
Zenodoa 18 August 2019, DOI 10a5281/zenodoa3370498
[17] Sparavigna, Amelia Carolinaa (2019, January 24) a Discussione di alcuni artcoli sulla fondazione
di Augusta Taurinoruma Zenodoa htp://doiaorg/10a5281/zenodoa2548583
[18] Sparavigna, Aa Ca (2012) a The Orientaton of Julia Augusta Taurinorum (Torino) a arXiv preprint
arXiv:1206a6062a
[19]  Sparavigna,  Aa  Ca  (2018) a  Julia  Augusta  Taurinorum,  an  archaeoastronomical  reloada  arXiv
preprint arXiv:1901a00371a
[20]  Sparavigna,  Amelia  Carolinaa  (2019,  January  6) a  La  note  che  la  legione  parta  Zenodoa
htp://doiaorg/10a5281/zenodoa2532772
[21] Museo Torinoa Scheda: Impianta Available at   idraulicihtp://wwwamuseotorinoait/view/s/
0e3df1158564467eaadc879591ea36db
[22]   Gaetano  Barbella,  venerdì  13  giugno  2008,  Fondazione  di  Torinoa  Available  at
htps://webaarchiveaorg/web/20101231141558/htp://wwwawebaliceait/gbarbella/torino_romanaa
html
[23]  Massone,  Ga  (2019) a  Scheda:  la  misurazione dell’azimuta  Giornale di  Astronomia,  2019,  3,
Paga21a
[24] Boeing, Geof, Urban Spatal Order: Street Network Orientaton, Coniguraton, and Entropy
(August  17,  2019) a  Available  at  SSRN:  htps://ssrnacom/abstract=3224723  or
htp://dxadoiaorg/10a2139/ssrna3224723
[25] Kaiser, A. (2011). Roman Urban Street Networks: Streets and the Organizaton of Space in
Four Cites. Routledge, London, England. 
Zenodo. 16 October 2019 – DOI 10.5281/zenodo.3493368
7
